Major cities in Colombia are currently generating urban transformation processes that involve the construction of major infrastructures, which mainly look to mitigate the adverse effects of ever-increasing road traffic. In addition, intermediate cities have made great efforts when it comes to urban planning and promote the application of prefeasibility study methodologies to make the appropriate decisions regarding the infrastructures to be built in specific places in the city. This paper discusses the results after applying a prioritization methodology as a comparative tool between two possible road infrastructures in the area of San Marcel in the city of Manizales, Colombia. The best proposal is selected based on the best coverage indicators and variables such as overall construction costs and life span: determined from information generated in traffic simulations.
Introduction
Manizales is an intermediate city located in the west central region of Colombia on the central mountain chain at an altitude of 2,150 meters above sea level. It has a population of 361,422 inhabitants in an area close to 35 km 2 .
Manizales is currently implementing a Mobility Plan (2010-2040) [1] and several infrastructure projects have been implemented during the last few years, which have changed the mobility characteristics in specific sectors of the city.
A Geographic Information System (GIS) was used in this research to collect current and future road network information based on each of the proposals.
The accessibility isochronous curves were calculated using the GIS geospatial visualization capabilities and geostatistical software. These curves were then used to calculate studies of geospatial coverage of the variables area, population and number of households.
Given its capacity to store information and to integrate the different models related to a specific territory [2] GIS facilitates understanding in greater detail of means of transport accessibility characteristics. The use of algorithms [3] , such as the shortest path algorithm, provides researchers with the necessary tools to simulate the impact of insertion of a given infrastructure.
From the geographical point of view, accessibility is a measure of the ease of communication between a group of communities or activities, which is achieved by using different means of transport [4] . This concept has become very important in urban and regional planning, and has been applied in regional economic planning and in Location Theory since the second decade of the twentieth century. [5] . Accessibility has become a primary element of urban planning in the use of quantitave criteria to determine future land use in order to achieve greater social welfare through appropriate sector planning [6] .
There are various definitions of the term, but the classic was provided by Hansen in the early second half of the last century ". "…the potential of Opportunities for interaction. " [7] . The models built on accessibility measures are commonly based on the distance and attraction between network nodes [8] . However, accessibility is nowadays more related to the distance of means of transport and the savings in connection time between different regions [9] .
Factors such as location of the nodes, number of nodes, transportation network and population distribution affect accessibility [10] . However, the new mobility paradigm includes other factors such as the quality of means of transport, proximity to land use, and infrastructure characteristics such as cost, safety, comfort, and environment, among others [11] .
Accessibility has been widely used in other fields of knowledge, such as analysis of service location [12] [13] [14] , operation of means of transport [15, 16] , analysis of social cohesion [17, 18] , demographic analysis [19] , economic development [20] [21] [22] , sustainability [23, 24] , tourism [25] , and social networks [26] , among others.
Accessibility in Colombia has been a measure rarely used because the true potential of this type of analysis is not very well understood. However, there are some real examples of the application of these methodologies at both regional [27] and urban [28] [29] [30] levels.
Currently, accessibility analysis is becoming an important factor for plan evaluation and infrastructure projects [31] , and in many cases the improvement of accessibility is one of the criteria used in evaluations [32] . Moreover, there are a variety of dynamic simulation models at urban levels [33] [34] [35] as well as accessibility models involving infrastructure insertion analysis [36, 37] and its spatial-temporal impact on urban growth.
Therefore, accessibility must be recognized as a primary need [38] as it defines people's access to basic services such as health, education and employment as a priority. This shows how many countries can eliminate class differences by increasing access to basic services and satisfying basic needs as one of the objectives related to transportation [39] .
This research includes an infrastructure prioritization methodology based on the following variables: accessibility, traffic microsimulation results and global and preliminary construction costs. The methodology, results and major conclusions are addressed in the following chapters.
Methodology
There are principally six phases in this methodology: In the first phase, the official network of the city of Manizales was obtained and the operating speed information was loaded in the database [1, 29] .
In the second phase the intervention alternatives in the road infrastructure were georeferenced.
In the third phase calculations were made of the Global Media Accessibility offered by the network of the existing transport infrastructure and the curves for each of the alternatives were evaluated.
In the fourth phase calculations were made on the impact on savings in Average Travel Time -ATT provided by each one of the alternatives.
In the fifth phase calculations were made of the percentages of area, population and number of households covered by ATT curves obtained from the analysis of global average accessibility in each one of the alternatives.
And in the sixth, a sensitivity analysis was undertaken according to the variability of the characteristics of life span, global construction costs and savings in ATT.
Secondary information
The infrastructure network for the Mobility Plan of Manizales, provided by the local administration, was instrumental in making the calculations for territorial accessibility. The network has loaded information relating to operating speeds, which was provided by GPS equipment installed in different types of vehicles.
Georeferencing of the alternatives
In this phase, the alternatives to infrastructure intervention were georeferenced using the road network as base information. Fig. 1 shows the sector under study and the arcs of the existing road network are highlighted.
New arcs, corresponding to each alternative, are incorporated taking into account the designs on phase II. The future operational features were defined in each alternative. Figs. 2 and 3 show an approach of each graph with the insertion of the alternatives to be evaluated: in this case alternative 4A and 6 respectively.
Calculation of urban territorial accessibility
The urban Territorial Accessibility was analyzed using the ATT vector (Tvi), which represents the average travel time from node i to the other network nodes. The GIS algorithm was used for this calculation to obtain the lower impedance (shortest path) between a specific node and the other nodes in the network, forming a unimodal matrix.
The matrix of minimum average travel time was designed using the unimodal matrix and also the information of average operating speed in each arc. The ATT is minimized between each and every node in the network. After that, the vector of average travel time (Tvi, eq.1) was obtained. Where Tvi = minimum average travel time between node i and the other nodes in the network; i = number of network nodes. The ATT vector obtained (n x 1) is related to the geographical coordinates (longitude and latitude) of each of the nodes to generate a matrix of order (n x 3). Isochronous curves of average travel time were generated using this matrix to analyze urban Territorial Accessibility for both the current infrastructure and for each of the alternatives under consideration. The ordinary kriging method was used along with linear semivariogram as an average travel time prediction model.
Calculation of the impact on average travel time -ATT
Once the isochronous curves for the current infrastructure and for each of the other two alternatives of infrastructural intervention are calculated, the gradient on average travel times for each alternative was determined.
The gradient was calculated in terms of the percentage of ATT taking into account the hypothesis that there is an improvement in operating speeds of the vehicles in the new infrastructure. The ATT is reduced depending on the current average travel time.
Coverage analysis
The urban area of the city of Manizales is 35.1 Km2, has about 361,422 inhabitants, 83,868 households and approximately 115 neighborhoods.
The gradient curves of time savings in ATT in each of the alternatives under study were related using a GIS and taking into consideration the available demographic information. It was possible to estimate the percentage of population, area and number of households covered by a given gradient curve of time savings. Similar applications of coverage have been made in other contexts [40] .
Results and discussion

Global Media Accessibility offered by the current network structure
The following will show excerpts from the analysis of global average accessibility for the city of Manizales. These results are the basis for the calculation of gradients in saving percentages in ATT. These excerpts have been documented in the Mobility Plan of the city of Manizales [1, 28] . Fig. 4 shows the ATT isochronous curves in terms of Global Media Accessibility in Manizales. In general, the city is covered by isochronous curves of between 25 and 67.5 minutes.
The lowest isochronous curve is of 25 minutes covering a wide sector between Avenida Santander, Avenida Kevin Angel and the downtown area of Manizales. This area currently benefits from the best possible accessibility in the city. It is concluded that 50% of the population and 50% of the number of houses are covered by ATT of up to 29.5 minutes, while 50% of the urban area are covered by ATT of up to 32.5 minutes.
Gradient of global media accessibility. Alternative 4A
Once the Global Media Accessibility of Manizales is calculated, taking into account modifications to the graph corresponding to Alternative 4A, the vector of average travel time is compared in both the current infrastructure and in alternative 4A. A kriginig prediction model with linear semivariogram was applied in the geostatistical analysis. Fig. 5 shows an approach to the sector under study and the behavior of the curves is observed within the Enea neighborhood. Fig. 6 shows the configuration of these curves throughout the city of Manizales.
If chosen, Alternative 4A would provide a percentage of savings in ATT throughout the entire city and sectors located to the east (La Enea neighborhood) would have a percentage savings in ATT of maximum 3% of the current ATT. Table  1 shows the results of relating the gradient isochronous curves with the sociodemographic information of Manizales. Fig. 7 was built using a more detailed analysis of the results. It shows the relationship between the percentage of coverage and the percentage of savings in ATT in each of the analyzed variables.
The percentage of area, population and number of households covered by each gradient isochronous curve was calculated. In the variable area, the gradient curve of 0.5% covers 70%. It is observed that 17% of the population might have an average saving of 1% in ATT regarding the initial ATT. Regarding the variable number of households, stratum 1, having the lower gradient curve, is the stratum reporting higher coverage percentages.
If chosen, Alternative 4A would have a final saving percentage of 0.8% in ATT in relation to the initial ATT for approximately 43% of coverage of the three variables.
Gradient of Global media accessibility. Alternative 6
Once the Global Media Accessibility is calculated taking into account the modifications done to the graph of Alternative 6, the same calculation of gradient is done in Alternative 4A. A kriginig prediction model with linear semivariogram is applied in the geostatistical analysis. Fig. 8 shows an approach to the sector under study and also the behavior of the curves in the Enea neighborhood.
A brief comparison of the curves obtained in Alternative 4A (see Fig. 5 ) shows that Alternative 6 would provide the Enea neighborhood with better service of transport given the fact that the gradient curves refer to a greater coverage in higher saving percentages of ATT. Fig. 9 shows the configuration of these curves throughout the city of Manizales.
If chosen, Alternative 6 would provide the entire city with saving percentages in ATT, and sectors located to the east (La Enea neighborhood) would benefit from savings percentages in ATT of maximum 4%; a value higher than the one obtained in Alternative 4A.
The percentage of area, population and number of households covered by each curve was calculated relating the gradient isochronous curves obtained from the sociodemographic data of Manizales. Table 2 shows the summary of the overlay data.
The gradient curve of 0.5% covers 54% in the variable area and 20% of the population could experience an average After making a more detailed analysis of the results, it was possible to find the relationship between the percentage of coverage and the percentage of savings in ATT for each of the variables. See Fig. 10 .
Alternative 6, with approximately 41% coverage of the three variables, would provide a 0.8% of saving percentages in ATT compared to the initial ATT. It is to note that the percentage of coverage at the point where the area, population and number of households converge is slightly above 40% and very similar in both alternatives. However, the configuration of the curves is different.
Comparison of results for Global media accessibility and alternatives
An objective comparison is done regarding the percentages of coverage for each of the variables in each alternative. Fig. 11 separately and comparatively shows the results obtained while taking into account the variable area, population and number of households covered.
Regarding the variable area, there is a greater coverage in saving percentages, superior to 1%, in ATT. This is due to the characteristics of population density of the area covered by such curves and to the differences in the configuration of the curves obtained in both intervention alternatives. The configuration of the curves is very similar in the variable urban population and number of households covered. Even though the percentage coverage of the variable population and number of households are similar due to their geospatial distribution, it is concluded that Alternative 6 demonstrates more favorable results than Alternative 4A in terms of a supply model of transport and saving percentages in ATT. These results are determined by the calculation of coverage percentages and cannot be verified simply by observing the graphs.
Calculating the number of households covered according to socioeconomic stratum manifests that the higher the stratum the higher the percentage of coverage of a gradient upper curve (see Fig. 12 ). For example, there is a high percentage of coverage (over 90%) for the gradient curve of 0.5%, in both alternatives for stratum 1. However, the percentage coverage decreases for stratum 6 (up to 60 %) but increases to almost 30% in the gradient curve of 1% in savings in ATT.
Coverage of households in stratum 3 was achieved with gradient curves exceeding 3% savings in average travel time. This result reflects residential activity in La Enea neighborhood. These results are higher in Alternative 6 than in Alternative 4A as this is the point in which the difference between the two alternatives is higher regarding supply models.
It is important to note the results obtained in stratum 5, where the gradient curve of 1% in ATT savings, presents greater coverage than the gradient curve of 0.5%. This is a very positive situation due to the fact that there is a strong possibility of further decreasing the average travel time in stratum 5, in which vehicle purchasing power is considered high. It was found that over 50% of households in Stratum 5 might reduce their average travel time by up to 1%.
Performing a weighted analysis of the saving percentage in ATT in each variable shows that Alternative 4A would provide a 0.66% saving in ATT regarding the variable population, while Alternative 6 would generate a 0.72% savings in ATT.
Performing the same analysis regarding the variable number of households gives that Alternative 4A reports a saving percentage of 0.69% while Alternative 6 reports a saving percentage of 0.74%.
Finally, performing the same analysis regarding the variable area demonstrates that Alternative 4A generates a percentage saving of 0.72% and Alternative 6 reaches 0.87%. Table 3 shows the results of weighing the saving percentage in ATT by socioeconomic strata and by Alternative regarding the variable number of households.
If chosen, Alternative 4A would provide stratum 3 with 0.82% and stratum 5 with 0.79% savings in ATT. However, if chosen, Alternative 6 would provide stratum 3 with 0.91% and stratum 5 with 0.81% savings in ATT. In general, Alternative 6 shows higher saving percentages in ATT than Alternative 4A.
Prioritization analysis
The prioritization analysis used in this research considers three variables that complement each other. The first deals with simulation results of traffic and demand, in other words, the life span calculated using traffic studies. The second deals with the analysis of urban territorial accessibility that defines the percentage saving in ATT obtained with the building of each alternative. The third deals with the preliminary construction cost of the alternatives. Alternative 4A yielded better results from the simulation and demand as it had a life span of twenty (20) years, while Alternative 6 had a life span of seven (7) years.
From the point of view of supply models, that is from the territorial accessibility analysis, and giving equal importance to the variables area, population and number of households, it was decided that Alternative 4A reported a weighted average saving percentage of 0.69% while Alternative 6 reported 0.78%.
Alternative 4A reported preliminary costs of approximately $8 million U.S dollars while Alternative 6 reported preliminary costs of approximately $6.5 million U.S dollars (2014 prices). Table 4 shows the rating or scores in each alternative, assigning the best result a value of five points for each of the three variables that make up the prioritization study and provides a score directly proportional to the highest score in the second option. Giving equal value to the life span, ATT savings and preliminary costs variables shows that Alternative 4A would have a final score of 4.5 (within a scale of 0 to 5, 5 being the highest and 0 the lowest) and Alternative 6 a score of 3.9. The recommendation is thus to build Alternative 4. However, it would be possible to generate a sensitivity analysis by performing a gradual analysis of the weight of each of the variables to show the variation of the score assigned to each alternative depending on the weight defined in each variable. Considering each of the variables to be the main variable of gradual change and equally distributing the weight of the remaining two variables, the values of the scores obtained are graphed. Fig. 13 shows the sensitivity curves in each alternative according to the gradual change of the variable defined as the main one. For example, if life span is taken as the main variable it would refer to an important variation in the weight assigned to this variable according to the score, thus getting a greater score variation in Alternative 6.
Conclusions
It is concluded that the values of saving percentages in ATT seem low because they correspond to the comparative of a particular intervention point in the city regarding the current situation and not an intervention of an entire vehicular corridor as presented in the Mobility Plan. In other words, from the point of view of a transport model,, an insertion of an infrastructure that is configured as a mobility corridor, whether new or rehabilitated, is more visible than the insertion of an infrastructure on a specific site in the city.
However, it is considered that the results show global percentages of saving in ATT and these savings very well qualify the impact of each of the analyzed alternatives in the entire city of Manizales.
It is noted that depending on the weight given to the three variables analyzed, the result would be the recommendation to build either alternative. However, there are combinations of weights of the three variables that yield similar results in terms of the final score.
It was found that 4A is the best recommended Alternative to be built because even though this alternative offers lower saving percentages in ATT than Alternative 6, and preliminary construction costs higher than Alternative 6, its life span is much higher than the life span of Alternative 6. This was defined after microsimulation and demand analysis.
It is also concluded that the definition of the weight of the variables in the analysis of prioritization depends exclusively on the main purpose for the interventions or on the constraints identified in the global project.
After making the proper prioritization calculation of Alternatives 4A and 6 and after analyzing the results, it is considered that the construction of Alternative 4A is the most viable. It is necessary to clarify that this prioritization analysis did not include environmental issues that might impact the results one way or another. 
